Background: The term of anemia of chronic renal failure (CRF) in sufficiency refers to that anemia resulting directly from failure of the endocrine and excretory functions of the kidney and decreased production of erythropoietin by damaged kidneys. The serum erythropoietin level in patients with renal failure does not increase in response to the developing anemia, which is the primary cause of inadequate erythropoiesis. Aim: The purpose of our study was to examine, among patients with CRF, the combined association of CRF and anemia on adverse outcomes. Settings and Design: A hospitalized study using administrative data, we identified all patients hospitalized with CRF in IBN-Sena hospital and Khartoum teaching hospitals, Khartoum, Sudan. Materials and Methods: This was a retrospective cohort study of 500 patients having a diagnosis of chronic renal failure hospitalized and discharged between
Introduction
Anemia is an almost constant complication of chronic renal failure that significantly contributes to the symptoms and complications of the disease. The anemia of chronic renal disease is caused by failure of renal excretory and endocrine function. The anemia of chronic renal disease is normocytic and normochromic. It occurs primarily because of lower production of erythropoietin by the decreased mass of functioning renal tubular cells 1. Anemia results in fatigue, reduced exercise capacity, decreased cognition, and impaired immunity. Thus, it decreases quality of life. In addition, increased workload on the heart as a result of anemia can lead to left ventricular hypertrophy and maladaptive cardiomyopathy. These conditions increase the risk of death from heart failure or ischemic heart disease. 2 Study results 3, 4 have shown that correction of anemia can limit the progression of chronic kidney disease and possibly decrease mortality. The NKF K/DOQI guidelines 5 recommend a target hemoglobin concentration of 11 to 12 g per dL (110 to 120 g per L) in patients with chronic kidney disease. Patients with plasma ferritin concentrations below 100 ng per mL (100 mcg per L) should be given iron supplements.
Erythropoietin should be administered to predialysis patients who have anemia-dependent angina or severe anemia with a hemoglobin concentration below 10 g per dL (100 g per L). 6 Hypertension and an increased risk for thrombotic events are potential adverse effects of treatment. Therefore, patients receiving erythropoietin must be monitored closely. Independent associations between both CRF and anemia with increased risk of one-year mortality were found. In both studies, a 1% decrease in hema-tocrit was associated with a 2.5% increase in the 12 month risk of death.
The purpose of our study was to examine, among patients with CRF, the combined association of CRF and anemia on adverse outcomes. To our knowledge, this is the first study using in hospital mortality and early readmission for this purpose.
Methods

Study design
This was a retrospective cohort study of patients having a diagnosis of chronic renal failure hospitalized and discharged between October 2007 to February 2010 from two Sudanese Teaching hospitals(Khartoum and IBN-Sena). All adult patients with chronic renal failure hospitalized for hemodialysis. Outcome measures of interest were in hospital. Follow-up for each patient began on the date of discharge from the hospital and continued for 30 days. Population
Using administrative data, we identified all patients hospitalized with CRF. We then selected a random sample of 500 patients hospitalized in both hospitals undergo hemodialysis. Patients were excluded from the sample if the initial hospitalization was terminated against medical advice, or if they were transferred to another acute care hospital or if no information on the creatinine level was available.
Data
Data were abstracted from medical charts by medical record specialists. The entire medical chart was available in one hospital and the scanned medical record was used in the other. Variables abstracted from the chart included age and sex. Hemoglobin levels were distributed in four groups: <10 g/dL, 10 g/dL to 12 g/dL, 12 g/dL to 14 g/dL, and = 14 g/dL. The final serum creatinine values recorded during the hospitalization were also considered. Chronic kidney disease (CRF) was defined as a serum creatinine = 124 µmol/L for women and = 133 µmol/L for men. We choose these ranges because they were used previously in an US study, in order to be able to do comparisons of CRF prevalence between countries 7 . We did not calculate creatinine clearance because, in many patients, the information available in our data set did not allow us to calculate it. A random replicate sample of 100 charts was abstracted to assess inter-rater reliability. The Kappa estimate was 1.0 for the determination of in hospital mortality.
Information on in hospital mortality and readmission within 30 days was gathered using administrative data provided by the hospitals. We assessed all cause readmission and included only patients from the index hospital. Because these hospitals are university referral centers, each for a different area, we assumed that only few patients could have been readmitted to a different hospital. Indeed, for one provider, we could assess that none of the patients were readmitted to another Sudan hospital.
The determination of the renal function was based on the chart by the presence of a value for a previously measured creatinine, urea and electrolytes a narrative statement in the chart. Patients with renal dysfunction were identified by looking in medical charts for a current (from the index hospitalization) or laboratory analysis equal or less than 40%. The Charlson co-morbidity index, a weighted average of selected co-morbidities, was computed at index hospitalization for each patient as a measure of severity of illness measure using the Deyo modification [8] .
Statistical analysis
Bivariate analyses of the dependent and the primary exposure variables were conducted. We also calculated the crude risk ratio and 95% confidence intervals for in hospital mortality and 30-day readmission. We used chi-square tests, Fisher's exact tests, Student T-tests or ANOVA methods when appropriate. Dichotomous outcome variables were in hospital mortality and readmission within 30 days. Primary exposure variables were hemoglobin and creatinine levels. Other variables, potential confounding factors, included in the bivariate analysis were: hospital, age findings at admission. We then performed multivariate analyses using logistic regression to adjust for potential confounding factors. Logistic regression was used to calculate adjusted odds ratio with associated 95% confidence intervals. Covariates were initially selected using a priori considerations as well as strength of association and statistical significance in bivariate analyses. We first looked if interaction between hemoglobin and creatinine was significant. After defining the starting model as above, we assessed, by backward elimination, which confounding factors should remain in the model. We first looked to see if the Fathelrahman MH 1 least significant variable was a confounding factor by dropping it and refitting the model. We then assessed if the odds ratio changed by more than 10% compared to odds ratio of the starting model. If the odds ratios changed by more than 10%, the variable was considered as a potential confounding factor and remained in what became the final model. If a variable did not meet these criteria, it was removed from the model and the same procedures were reapplied until the best final model was found. For all models, we checked for any potential co linearity problems between the variables. All analyses were implemented with the SPSS software, version 15.0. Baseline characteristics Our sample included 500 eligible patients with CRF available for analysis. Among those 215 (43.0%) were admitted to hospital A(IBN-Sena) and 285 (57.0%) in hospital B( Khartoum State Teaching). The mean (SD) age was 75.4 years (12.8) and 45.6% were female.
Prevalence of CRF
The mean (SD) value of the last serum creatinine value reported during the hospitalization was 113.9 (100.0) µmol/L, with a range from 32 to 545 µmol/L and a 25th to 75th intraquartile range from 84 to 126 µmol/L. Chronic Renal Failure was defined as a serum creatinine = 124 µmol/L in women and = 133 µmol/L in men. Men (54.4%) were more likely than women (45.6%) to have CRF. In total, 500 (100.0%) patients of the entire cohort had CRF. The mean serum creatinine value was statistically significantly higher (Table II) . Higher creatinine values were also observed in patients in hospital mortality and staying for 0-6 days (Table II ).
Prevalence of anemia
Hemoglobin level was recorded for 500 members (100%) of the cohort. The mean (SD) hemoglobin was 13.0 g/dL (2.2) range from 11.8 g/dL to 14.6 g/dL. On admission, an hemoglobin of = 14 g/dL was found in 36.2% of the patients, 36.2% had an hemoglobin between 12 g/dL and 14 g/dL, 19.6% between 10 g/dL and 12 g/dL, and 8% = 10 g/dL. The proportion of patients with CRF was associated with increasing anemia (Table III) . The mean serum creatinine was increasing with severity of anemia (Table 3) with increased risk of death. In-hospital mortality was 24.7% for patients with a hemoglobin of = 14 g/dL, 9.3% for a hemoglobin between 12 g/dL and 14 g/dL, 24.7% for a hemoglobin between 10 g/dL and 12 g/dL, and 15.7% for a hemoglobin < 10 g/dL (p = 0.002) ( Table 3) . 17.8% in-hospital mortality rates and116 (23.2%) were readmitted within 30 day (Table IV) .
Multivariate analysis
Both hemoglobin and serum creatinine were independently associated with poor outcomes after controlling for confounding factors (Table V) . For in hospital mortality, the model controlled for length of stay. For each g/dL increase in hemoglobin, the in hospital mortality rate declined by 39% (p = 0.0008). For each one µmol/L increase in serum creatinine, in hospital mortality rate decreased by 1% (p = 0.166). Further, the interaction term between hemoglobin and serum creatinine was statistically significant (p = 0.008). At the mean creatinine level, increasing hemoglobin levels were associated with lower mortality (RR = 0.86, for each unit increase in hemoglobin). Effect modification, suggested a weaker association of hemoglobin with mortality as creatinine levels increased. Further, at the mean level hemoglobin, increasing creatinine levels were associated with higher mortality (RR = 1.015, for each unit increase in creatinine).
In the multivariate analysis using 30 days readmission as dependent variable, we controlled for age. The interaction term between hemoglobin and serum creatinine was not statistically significant. Results showed that for each one g/dL increase in hemoglobin, readmission rate declined by 13% (p = 0.009). Further, for each one µmol/L increase in serum creatinine, readmission rate increased by 0.08% (p = 0.744).
After controlling for all other risk factors, the odds ratio related to in hospital mortality associated with the presence of anemia defined as hemoglobin less than 12 g/dL, was 1.47 (95% CI 0.89 to 2.42) in all CRF patients 4.04 (95% CI 2.46 to 6.66) and in patients with additional CRF compared with patients who had a hemoglobin level = 12 g/dL and no CRF. Similarly, the odds ratio for early readmissions were 1.60 (95% CI 1.00 to 2.58) for anemia and 1.14 (95% CI 0.67 to 1.93) for CRF. In these models, the interaction terms between anemia and CRF lacked statistical significance.
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Discussion
In this study, both anemia and chronic renal failure were highly prevalent among patients discharged from two university hospitals and independently associated with an increased risk of dying in the hospital or of being readmitted within 30 days. The association between CRF, anemia and these outcomes (in hospital mortality and readmission) in CRF patients has not been reported previously. Most studies have focused only on survival after hospital discharge as an outcome.
The risk of increased mortality associated with a 1% reduction in hematocrit was 2.7% 9. These results were comparable to another study conducted among Medicare beneficiaries in community hospitals in the US. In this latest study, patients with CRF. The risk of death associated with a 1% reduction in hematocrit was 2% 7. In a new large recent study, among CRF patients and anemia were found independently to confer a twofold increased risk of death 10. Silverberg et al. recently reported that, in a randomized trial of 32 ambulatory CRF patients with NYHA class III and IV and an hemoglobin < 12 g/dL, the correction of anemia was associated with an improved functional status and decreased hospitalization. However, the major limitation of this study was its small sample size and the fact that the randomization was not blinded 11. These observations suggest that anemia is a clinically important risk factor for death and readmission among CRF patients. The clinical implication of these findings for patients with CRF is that failure to correct severe anemia among patients confers a preventable burden of reduced quality of life, while clinical trials have demonstrated that correction of anemia improved these measures. CRF patients should be carefully examinated for presence of anemia and, if present, treated according to current evidence 12. Treating ane- In our study we found that, the prevalence of CRF was 54.4% among males and 45.6% among females respectively. However, by using this cut-point of a serum creatinine of = 124 µmol/L for women and = 133 µmol/L for men for defining CRF, we underestimated the true prevalence of CRF especially among elderly people. We choose these cut-points based on previous studies implemented in the USA 7. Reduced kidney function occurred frequently in patients with CRF. In another study, which included Medicare beneficiaries with CRF hospitalized in community hospitals, 38% had CRF. In this cohort, the prevalence of CRF was 33% in females and 46% in males 7. Interest in the relationship between CRF and anemia is growing. Anemia commonly complicates CRF (14-28% of patients depending on the cut off used) [13] and is a potential exacerbating factor 14. In our study the prevalence of anemia (hemoglobin < 12 g/dL) among CRF patients was 28.6%. In another study performed in one Swiss university hospital, the prevalence of anemia was 15%
15. Silverberg et al. showed that the prevalence of anemia increased with the severity of CRF 10 . Anemia observed among individuals with CRF is highly multi-factorial.
Anemic patients with chronic renal failure should receive treatment with recombinant human erythropoietin (r-HuEPO, Eéoetin) to maintain hemoglobin levels over 11 g/dL with an acceptable target of 12 to 12.5 g/dL, according to recommendations from the European practice guideline for management of anemia in patients with chronic renal failure [16] and the National Kidney Foundation K/DOQI clinical practice guidelines for anemia of chronic kidney disease 11. Benefits of adequate hemoglobin levels had been established in patients undergoing dialysis, and are supposed to be relevant also in CKD patients. In addition, anemic patients should receive iron supplementation in order to maintain serum ferritin levels above 100 µg/L and transferrin saturation above 20%.
This study had a number of limitations. It is an observational study based on information available in medical records. The chart abstraction process was implemented in each hospital by different persons with different education and backgrounds, although with similar training. Then, in one hospital the entire medical chart was available to the abstractors, whereas in the other only the laboratory findings and reports testing were available. In addition, the quality of medical records and completeness of information may also vary between the two hospitals. Incorrect information may have led to some misclassification bias. Further this study was conducted on an opportunity sample of two hospitals, making the generalisibility of results uncertain. Then, we excluded patients with heart disease and acute myocardial infarction, because it was our intent to focus on a homogenous group of individuals with established CRF. However, we agree that the issue of anemia and outcomes in both of these patient groups is important. Further, we were not able to exclude other causes of anemia, including the presence of iron, folate and vitamin B12 deficiencies, dilutional anemia, and the anemia of chronic diseases different from CRF, as explanations for anemia observed in this population and perhaps, to account for some potential confounders. Then, given the relative high number of elderly patients in the study population and that these patients may have CRF even with normal creatinine value; we underestimated the true prevalence of CRF. Finally, we acknowledge that we were not able to measure others risk factors associated with epo-resistance such as immune activation. We will consider measuring it in future studies. In conclusion, we found further evidence that the concomitant presence of either CRF or anemia increased the risk of dying in the hospital or of being readmitted within 30 days among patients hospitalized. The association persisted after controlling for other factors associated with adverse outcomes in these patients.
Fathelrahman MH 1
